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A b s t r a c t  - Thermo lys is  o f  a z i d e s  ?,I, and 14 gave n i t r e n e s  which r e a c t e d  

i n t r a m o l e c u l a r l y  w i t h  i s o q u i n o l i n e  and naph tha lene  m o i e t i e s  t o  produce 3,3- 

d i s u b s t i t u t e d  i n d o l e n i n e s  3,5, and 15, r e s p e c t i v e l y ,  as t h e  ma jo r  p roduc ts  

and c a r b a r o l e  d e r i v a t i v e s  l,?, and 16, r e s p e c t i v e l y ,  as t h e  m i n o r  p roduc ts .  

I n  a proqram t o  deve lop  s y n t h e t i c  appro ache^^'^ t o  e l l i p t i c i n e  (l), a  6H-pyrido[4,3-b]-carbazole 

a l k a l o i d  possess ing  s i g n i f i c a n t  a n t i c a n c e r  a ~ t i v i t y , ~  we dec ided  t o  i n v e s t i g a t e  a  n i t r e n e  i n s e r t i o n  

r o u t e :  
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The a r i d o  compound 2 was chosen as t h e  n i t r e n e  p r e c u r s o r  and upon h e a t i n g  (180-200°C) i n  dodecane 

gave two i s o l a b l e  p r o d u c t s .  The m inor  p r o d u c t  (20% y i e l d )  was i d e n t i f i e d  as e l l i p t i c i n e  by com- 

2 p a r i s o n  w i t h  an a u t h e n t i c  sample . The m a j o r  p r o d u c t  (60% y i e l d )  d i s p l a y e d  i n  i t s  nmr spectrum an 

u p f i e l d  methy l  s i g n a l  (6=1.41, s ) ,  a  v i n y l i c  m e t h y l  s i g n a l  (6.2.09, d ,J=l .SHz)  and a  v i n y l i c  p ro ton  

s i g n a l  (5.6.53, q, J = l . S H r )  a l l  o f  wh ich  i n d i c a t e d  t h a t  t h e  r i n g  b e a r i n g  t h e  methy l  groups was no 

l o n g e r  a romat i c .  The s t r u c t u r e  o f  t h i s  compomd was shown t o  be t h e  3 , 3 - d i s u b s t i t u t e d  i n d o l e n i n e  

3  by s i n g l e  c r y s t a l  X-ray s t r u c t u r e  a n a l y ~ i s . ~  The p a r t i t i o n i n g  o f  t h e  r e a c t i o n  pathway between - 



1  and 1 i s  r a t i o n a l i z e d  by t h e  r o u t e s  shown i n  Scheme I. Thus t h e r m o l y s i s  o f  a z i d e  2 forms t h e  - 

e l e c t r o n  d e f i c i e n t  n i t r e n e  4 which  can r e a c t  w i t h  t h e  i s o q u i n o l i n e  m o i e t y  a t  e i t h e r  p o s i t i o n  C-6 

o r  C-8. A t t a c k  a t  C-6 would l e a d  t o  i n t e r m e d i a t e  5 and, f o l l o w i n g  p r o t o n  s h i f t ,  g i v e  r i s e  t o  

e l l i p t i c i n e  (I). A t t a c k  a t  C-8 would l e a d  t o  i n t e r m e d i a t e  6 and, f o l l o w i n g  methy l  m i g r a t i o n  t o  t h e  

e l e c t r o n  d e f i c i e n t  s i t e ,  g i v e  r i s e  t o  i n d o l e n i n e  3. 

Scheme I 

A compar ison o f  e l e c t r o n  d e n s i t i e s  and r e a c t i v i t i e s  toward  e l e c t r o p h i l i c  a t t a c k  a t  v a r i o u s  p o s i -  

t i o n s  i n  t h e  homonuclear r i n g  o f  i s o q u i n o l i n e  shows an o r d e r  o f  C-5 > C-8 > C-7 > C-6.7 Thus t h e  

o b s e r v a t i o n  t h a t  compounds 1 and 3 a r e  formed i n  a  1 : 3  r a t i o  i s  c o n s i s t e n t  w i t h  t h e  p a r t i t i o n i n g  o f  

t h e  r e a c t i o n  pathways based upon t h e  p r e f e r r e d  s i t e  f o r  e l e c t r o p h i l i c  a t t a c k .  

If t h i s  were t h e  case, one would p r e d i c t  a  s i m i l a r  m i x t u r e  of p r o d u c t s  upon t h e r m o l y s i s  o f  a r i d e  !. 

Here t h e  c h o i c e  o f  a t t a c k  o f  t h e  n i t r e n e  i s  C-5 versus  C-7. A t t a c k  a t  C-5 would g i v e  i n d o l e n i n e  

8 
8, w h i l e  a t t a c k  a t  C-7 wou ld  g i v e  i s o e l l i p t i c i n e  ( 9 ) .  When a z i d e  I was hea ted  (180-200°C) i n  
- 

8 9  dodecane a  3 : l  r a t i o  o f  8 t o  9 was o b t a i n e d .  
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To i n v e s t i g a t e  t h e  i n f l u e n c e  o f  t h e  methy l  g roup  a t  t h e  s i t e  o f  a t t a c k ,  s e v e r a l  s t u d i e s  were 

c a r r i e d  o u t .  F i r s t ,  t h e  b i p h e n y l  a r i d e  10 was the rmo lyzed  and gave o n l y  one p roduc t ,  1 .4-d imethy l -  

8 c a r b a r o l e ( f i )  . No 3 , 3 - d i s u b s t i t u t e d  i n d o l e n i n e  was e i t h e r  i s o l a t e d  o r  d e t e c t e d  i n  t h e  nmr 
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spectrum of  t h e  crude reac t i on  mix tu re .  Th i s  observa t ion  i nd i ca tes  t h a t  the  n i t r e n e  would p re fe r  

t o  a t t a c k  a  C-H s i t e  r e l a t i v e  t o  a  C-CH s i t e  if o t h e r  r e a c t i v i t y  f a c t o r s  a r e  equ iva len t .  Th is  3  

p o i n t  i s  f u r t h e r  emphasized by comparing the  thermolys is  of  2-(2'-aridophenyl)naphthalene(~) and 

2-(2'-azidopheny1)-1 ,4-dimethylnaphthalene(l4). Since the  C - I  p o s i t i o n  of naphthalene i s  known 

10 . . t o  be more r e a c t i v e  than C-2 toward e l e c t r o p h i l i c  at tack,  i t  IS cons i s t en t  t h a t  Smith1' observed 

t h a t  hea t i ng  (180-200°Ci g i n  keros ine  gave 1 , 2 - b e n z o c a r b a z o l e ( ~ )  i n  94% y i e l d ;  a t t ack  a t  C-2 lead- 

8  i n g  t o  2,3-benrocarbazole " d i d  n o t  occur t o  a  de tec tab le  e x t e n t .  However, when az ide  E w a s  

8  heated (180-200°C) i n  dodecane a 3 : l  r a t i o  of  indo len ine  15 and carbazole z'' was ob ta ined.  Thus i t  

i s  c l e a r  t h a t  t h e  presence of the  methyl group a t  t h e  C-1 p o s i t i o n  i n  14 decreases the r e a c t i v i t y  

a t  t h i s s i t e  and makes a t t ack  a t  C-2 become compet i t i ve .  Since the  r a t i o s  of i ndo len ine  t o  

carbazole a re  s i m i l a r ,  t h i s  would appear t o  a l so  be the  case w l t h  azides 2 and L. 
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